The supraclavicular approach to the brachial plexus has long been regarded as effective 1 , but its popularity has been limited by an association with risk of pneumothorax 2,7 . Several techniques have been suggested to limit this risk [3] [4] [5] [6] [7] . An alternative approach has been designed which utilizes a bend in the shaft of the needle to guide the tip of the needle into a tangent to the chest wall (Figure 1) . Not only will this potentially minimize the risk of pneumothorax, but the ensuing orientation of the needle-tip facilitates catheter insertion for continuous techniques.
The supraclavicular approach to the brachial plexus has long been regarded as effective 1 , but its popularity has been limited by an association with risk of pneumothorax 2, 7 . Several techniques have been suggested to limit this risk [3] [4] [5] [6] [7] . An alternative approach has been designed which utilizes a bend in the shaft of the needle to guide the tip of the needle into a tangent to the chest wall ( Figure 1 ). Not only will this potentially minimize the risk of pneumothorax, but the ensuing orientation of the needle-tip facilitates catheter insertion for continuous techniques.
METHOD
For single-shot anaesthesia, a 22 gauge, 5 cm sheathed needle (Stimuplex™, B Braun, Germany) is bent 2 cm from its tip to an angle of 30°, with the bevel facing concave-side-in (Figure 2a) . A single bend of this magnitude is not considered to alter the mechanical properties of the needle 8 . The contact wire of the needle is then attached to the negative lead of a nerve stimulator (Stimlocator™ SL3, B Braun, Germany), which is set at 0.5 mA and 2 Hz. For catheter placement, a 5.5 cm sheathed needle (Contiplex™, B Braun, Germany) is similarly bent and then attached via the pin in its rear hub to a nonbevelled drawing-up needle (B Braun, Germany) which in turn is attached to a luer lock-extension set (Codan U.S., Corporation, U.S.A.) (Figure 2b ). The negative lead of the nerve stimulator is attached to the shaft of the drawing-up needle. The patient is placed in a semirecumbent position (Figure 3-1) , and lightly sedated. The skin is marked in the supraclavicular fossa approximately 1 cm behind the most lateral point of the arterial pulsation ( Figure 3-2) ; the plexus is frequently located at a depth of 2 cm from this point 9 . The practitioner stands beside the patient, and after injecting the skin with local anaesthetic, the needle is inserted as shown in Figures 3-3a and 3-3b . Once the bend has reached the skin, with further advancement of the needle the hub is also brought medially (having the effect of moving the needle-tip laterally), as illustrated in Figure 1 . In final position the proximal shaft of the needle is parallel (Figure 3-5) , or slightly closer, to the neck. If plexus contact occurs prior to the bend reaching the skin, the needle is still manoeuvred to achieve the desired final position. If plexus contact is not made at all, the initial direction of insertion can be made more anterior or posterior. Acceptable endpoints include both muscular twitching and paraesthesias, more commonly the former. Twitching in the deltoid or pectoral muscular complexes can be accepted for surgery affecting the proximal upper extremity, while twitching in the hand or fingers is required for the remainder of the arm 10 . For catheter insertion, 10 ml of solution is injected once the desired twitch is achieved, to spread the tissues prior to threading the catheter (Figures 3-5 to 3-8) . Anaesthesia is achieved using a mixture of 20 ml of 2% lignocaine +1:200,000 adrenaline, 2 ml of 8.4% sodium bicarbonate and 8 ml of sterile water. Analgesia is achieved using 20 ml of 0.25% bupivacaine +1:400,000 adrenaline, administered six hourly as required.
RESULTS
Over a period of five years, 572 cases have been performed, as outlined in Tables 1 and 2 . All cases were carried out by the author, or on a few occasions by trainees under his supervision. Surgical procedures have included both major and minor categories throughout the territory of innervation of the brachial plexus. There has been a tendency over time towards catheter-based management due to a greater appreci- ation of postoperative analgesic demands. Time to onset of effect has been immediate for both anaesthesia and analgesia, with failure to achieve this an early indication of failure.
For surgery at or proximal to the elbow, general anaesthesia was used in conjunction with this regional technique, unless patient preference or coexisting medical problems mandated regional anaesthesia alone. The technique was not "successful" in 86 of the surgical category: general anaesthesia was required in eight, and of the other 78 cases, either the inadequate anaesthesia did not impact on the site of surgery, or supplementation by peripheral nerve block or surgical infiltration of local anaesthetic was required (inferior trunk sparing most common, 35 cases).
Catheters placed prior to surgery were resited postoperatively if the pain score was >5/10: of 15 resitings, 11 resulted in complete analgesia. Nonsurgical catheters include those placed for acute trauma, e.g., fractured humerus, joint mobilization and some chronic pain situations. All were clinically successful.
Complications are profiled in Table 3 . Chest X-rays were not routinely performed after the procedure. There were no symptomatic pneumothoraces, and air was not aspirated via the block needle on any occasion. Tourniquet pain has not been a problem even in prolonged surgery.
DISCUSSION
This technique derives from a re-evaluation of the anatomical relationships of the brachial plexus. In the Clavicle  2  2  2  2  --6  6  Scapula  -------4  4  Shoulder  --46  48  --11  14  Humerus  1  1  28  32  1  1  34  35  Elbow  25  28  29  33  --11  13  Forearm  19  23  28  35  --2  3  Wrist  67  93  46  56  6  6  7  8  Hand/fingers  78  100  21  25  --2  4  Totals  192  247  200  231  7  7  77  87 Successful-surgery : anaesthesia of all 7 terminal nerves occurred; also total analgesia in the required territory if catheter used -nonsurgery : total analgesia in the required territory. magnetic resonance image shown in Figure 4 , the brachial plexus can be seen to pass inferolaterally across the supraclavicular fossa, in superficial relation to the subclavian artery and chest wall, and separated from the skin by a fat pad. Medially the scalene musculature obscures the dome of the lung. The structures to avoid during an approach to the plexus are either medial (dome of lung, phrenic nerve, recurrent laryngeal nerve, sympathetic chain), or deep (lung). The bend in the needle not only permits the needle tip to be guided into a position where pneumothorax is highly unlikely, but also facilitates both needle manipulation within the confines of the supraclavicular fossa and catheter insertion.
The criteria used to determine success of the technique in the surgical series required involvement of all seven terminal nerves. This was more than was necessarily required for clinical success, which was high with only 1.6% of surgical candidates requiring conversion to general anaesthesia. Variations in anatomy and inconsistencies in spread of solution within the perineural tissues may explain why the defined success rate was not higher 11 . The incidence of Horner's syndrome (0.5%) is lower than the 30% cited by Knoblanche for the subclavian perivascular approach 12 , but is similar to the 0% cited by Boezaart et al for a continuous interscalene approach 13 . This suggests medial spread of solution in some patients, and is the subject of ongoing investigation 14 . A technique of brachial plexus anaesthesia is described, the key element of which is an adaptation of the needle to minimize the risk of pneumothorax.
